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Since noise-induced hearing loss (NIHL) is one of prevalent issues in the occupational set-
tings, hearing protection device (HPD) has been widely used to reduce noise exposure levels
and to prevent developing NIHL. This review study aimed to introduce several types of the
HPD in terms of current trends, its variety and functions, and application. Including a brief
history of the HPD, we explain its two types, i.e., passive and active functions, in the first part of
main body. The passive HPD has a flat attenuation across the overall frequency range, whereas
the active HPD effectively preserves communication components such as meaningful speech
with low intensity stimuli while filtering out the high levels of noise. In the second part of the
main body, we discuss some negative issues of hearing functions when users are wearing the
HPD. In detail, the active HPD does not much degrade the hearing performance for speech
detection/recognition and sound source localization compared to the passive HPD. Rather, re-
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for the public as well as employees who have to protect their ears from hazard noise impacts.
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History and Development
of Hearing Protection Devices
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Fig. 1. An illustration of historical development in the hearing protection devices. 1) adapted from 3M™ Available from: URL: https:/
www.3m.com/3M/en_US/company-us/all-3m-products/~/3M-E-A-R-Caboflex-Model-600-Hearing-Protector-320-2001-100-Pair-Case/?
N=5002385+3294780199&rt=rud#variation4,”® 2) adapted from PHISICK. Available from: URL: http:/phisick.com/item/mallock-arm-
strong-ear-defenders/,”® 3) adapted from 3M™. Available from: URL: https://www.grainger.com/product/3M-33dB-Disposable-Cylinder-
Shape-3NHJ5," 4) adapted from eBay. Available from: URL: https://www.ebay.com/itm/WWII-Ear-Warden-Ear-PlugsV-51R-Size-Small-
Free-Shipping-/291140883286,'® 5) adapted from SETON. Available from: URL: https://www.seton.com/howard-Ieight—noise-bIocking;-
gm24-earmuffs-6068c.html,"® 6) adapted from Freshtrends. Available from: URL: https://www.freshtrends.com/cgi-bin/item/6176-6188,""
7) adapted from AliExpress. Available from: URL: https://www.aliexpress.com/item/Top-Quality-1-pair-Silicone-Ear-Plugs-Anti-Noise-
Snore-Earplugs-Comfortable-For-Study-Sleep/32525145513.html,"® 8) adapted from 3M™. Available from: URL: http:/www.waynesafe-
ty.com/shop/3m-e-a-r-e-z-fit-uncorded-foam-ear-plugs/,'” 9) adapted from Draper. Available from: URL: https://www.amazon.co.uk/
Draper-69933-Safety-Helmet-Defenders/dp/B0001KA1THQ,” 10) adapted from Perfect-Fit™. Available from: URL: https://www.earplug-
store.com/er915and25pr.html,?" 11) adapted from Westone. Available from: https://www.parts-express.com/westone-ety-plug-etymotic-
earplugs-baby-blue--242-3566,?% 12) adapted from Etymotic. Available from: https://www.guitarcenter.com/Etymotic-Research/

ER20XS-Earplug-Universal-Fit-in-Clamshell.gc.
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Table 1. Types of passive hearing protection devices and their main functions

Picture Name Feature NRR (dB)  Target

« Small and easily carried

29 Publi
 Anti-allergic material uble

1) 1100/1110

4
* Much th terial
& 2) 1120/1130 veh smoother material - 28 Public
)  Excellent adhesion to small-sized ears

« Comfortable fit because the pressure in the ear is
3) EAR Classic 30 not big with the poly vinyl chloride material 29-30 Public
» No color should show when viewed directly in front

« Ear plugs can be inserted immediately without
5) Push-Ins With Grip Rings having to say small before wearing 30 Public
« Low pollution concerns and hygienic

+ High damping effect .
4) E-A-R Soft FX Publ
J ) S0 * Relieve symptoms that fall from the ear canal 33 ubte
v

« Low pollution concerns and hygienic
{- 6) Push-Ins « Can be used immediately without wearing small 28 Public
~ before wearing

+ Medical fit required

7) Triple Flange - Jiggle into ear canal 25 Public
/ ’(\'

o

.

-

« Stick should show slightly

+ Can be used immediately without wearing small

-- before wearin .
A 8) Express . 9 ) 25 Public
- ‘  There is no need to touch earplugs, so there is less
= " - concern about pollution and hygienic

« Various noise reduction ratings available
9) E-A-R caps * Easy to insert 17 Public
+ Low damping effect

seal and good noise reduction
« Flexible band can be worn under the chin for use
10) Cabofiex Model 600 X wornv niory 17-20  Public
with hard hats
« Ideal for intermittent hearing protection needs
» Replacement Pods also available
1,2, 4,5, 6,8,9) adapted from 3M™. Available from: URL: http://multimedia.3m.com/mws/media/13810670/04-hearing-protec-
tion.pdf.?? 3, 7) adapted from 3M™. Available from: URL: http://www.med.navy.mil/sites/nmcphc/Documents/oem/Hearing-Pro-
tection.pdf.?? 10) adapted from 3M™. Available from: URL: https://earinc.com/product/caboflex-model-600/.2 NRR : Noise Re-
duction Rating

O - Silicone tips contain a foam core for an effective

4
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Table 2. Types of active hearing protection devices and their main functions

Picture Name

Feature

NRR (dB)

Target

N

1) 3M Peltor TEP-100 Tactical
Digital Ear Plugs

2) Etymotic Research GSP15
GunSport PRO High-Defini-
fion Electronic Earplugs

3) Etymotic Research
MusicPRO High-Fidelity
Electronic Musicians
Earplugs

4) Westone Defend Ear
Digital Shooter Hearing
Protection Ear Plugs

5) SportEar Ghost Stryke Ear
Plugs

6) Howard Leight by Honey-
well Impact Sport Sound
Amplification Electronic
Shooting Earmuff (R-01526)

7) 3M WorkTunes Hearing
Protector with AM/FM
Radio

8) Howard Leight by Hon-
eywell Impact Pro Sound
Amplification Electronic
Earmuff

« Portable charging compartment

» Designed for gun sport enthusiasts

* Provide either 9-dB or 15-dB protection

» With an NRR of 30 dB, they have one
of the highest hearing protection levels in
the range

* Protects up to 30 dB

* Built-in directional microphones
« Shuts off ampilification when ambient sound
reaches 82 dB

» Great AM/FM radio performance

+ Bass boost option for enhanced listening
experience

+ Auto-scanning

« Voice assist technology

« Attenuate (or reduce the impact) of sounds
above 82 dB
« Built-in directional microphones

23

>25

9-15

30

30

22

24

30

Military, tactical,
repair and oper-
ations, shooting

and hunting

Professional
shooters, guides
and instructors,
as well as gun
sport

Musicians, DJs

Shooting sports,
hunting and
outdoor recre-
ation

Tactical, safety,
auto-racing,
sporting events
and industrial
applications

Hunting

Work

Stationary
shooting

www.kjorl.org 5
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Table 2. Types of active hearing protection devices and their main functions (continued)

Picture Name

Feature NRR (dB) Target

9) Howard Leight 1030110
Sync Noise-Blocking Stereo
Earmuff

10) Earmor-Hearing Protec-

tion Earmuff for Helmets
M31H

» Independent 4x high end beats audio 22

« Superior stereo sound quality
+ Use as passive hearing protector or as

25 Multi-purpose

stereo earmuffs
« Includes multiple attenuation levels

- « Suppresses harmful noise above 82 dB
« Amplifies low-level sounds

Soldier

speakers for separate input audio device

> and ambient sounds

~—

1) adapted from 3M™. Available from: URL: https://www.3m.com/3M/en_US/company-us/all-3m-products/~/3M-PELTOR-Tacti-
cal-Earplug-TEP100-1-Kit-EA-Case/?N=5002385+3292682142&rt=rud,” adapted from ETYMOTIC. Available from: URL: https://www.
etymotic.com/consumer/hearing-protection/gsp15.html1,*® 3) adapted from Etymotic. Available from: URL: https://www.etymot-
ic.com/consumer/hearing-protection/mp915.html,*” 4) adapted from Westone. Available from: URL: https://www.westone.com/
store/defendear/index.php/defendear-shooter,” 5) adapted from SportEAR. Available from: URL: https://www.sportear.com/
products/ghost-stryke-black?variant=39487162254,>” 6) adapted from Honeywell. Available from: URL: https://www.honeywell-
safety.com/Products/Hearing/Hearing_Protection/Impact_Sound_Amplification_Earmuff.aspx?site=/Europe,*” 7) adapted from
3M™. Available from: URL: https://www.3m.com/3M/en_US/ company-us/all-3m-products/~/3M-Digital-WorkTunes-Hearing-Pro-
tector-and-AM-FM-Stereo-Radio-featuring-Voice-Assist/?N=500 2385+3294427467&rt=rud,*® 8) adapted from Honeywell. Available
from: URL: https://www.honeywellsafety.com/Products/Hearing/Hearing_Protection/Impact_Pro.aspx?site=/au,*® 9) adapted
from Honeywell. Available from: URL: http://www.howardleight.com/ear-muffs/sync,*® 10) adapted from Honeywell. Available
from: URL: https://www.specshop.pl/product-eng-16763-Earmor-Hearing-Protection-Earmuff-for-Helmets-M31H-Mod-1-Black.

htm!.* NRR: Noise Reduction Rating
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Hearing Functions
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Speech detection & recognition performance
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Noise type Noise level

Regulation for HPD

85—103 dBA TWA
103—108 dBA TWA
>108 dBA TWA
140—-165 dBP

165 dBP—curve Z
>curve Z

Steady-state noise

Impose noise

Single hearing protection (earplug or earmuff)

Double hearing protection (earplug and noise muff/helmet)

Not permitted (exception: at-ear levels are reduced to a TWA of 85 dBA or less)
Single hearing protection (earplug or earmuff)

Double hearing protection (earplug and noise muff/helmet)

Not permitted (exception: at-ear levels are reduced to a TWA of 85 dBA or less)

HPD: hearing protection device, TWE: fime-weighted average
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